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[57] ABSTRACT

In the case where a fed display data is to be displayed as it

is, a display operation is executed in accordance with a

predetermined first clock signal. In the case where a calcu-

lation operation is executed based on the fed display data

and the calculation result is to be displayed as a display data,

the display operation is executed in accordance with a

second clock signal having a frequency higher than that of

the first clock signal. In this way. the second clock signal is

fed to a display device only when the calculation operation

which requires a high speed processing is executed.

Accordingly, power consumption can be reduced and an

improved quality of display can be obtained. Further, an

inversion signal is fed to the display device together with a

display signal and a scan signal. The inversion signal is used

far periodically switching the polarity of the display signal

applied to the display device so as to prevent an occurrence

that a direct current is applied to the display device. In the

present invention, a first inversion signal and a second

inversion signal having a frequency higher than that of the

first inversion signal are switchably used. More specifically,

in the case where there are relatively many displaying

addresses on a column direction electrode, the second inver-

sion signal is used.

5 Claims, 19 Drawing Sheets
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CLOCKING METHOD AND APPARATUS
FOR DISPLAY DEVICE WITH
CALCULATION OPERATION

This is a divisional of application Ser. No. 08/194319,

filed Feb. 10, 1994 issued as U.S. Pal. No. 5.610,627 on Mar.

11, 1997, which is a division of application Ser. No. 07/742.

898. filed Aug. 8. 1991, now abandoned.

BACKGROUND OF THE INVENTION

1. Held of the Invention

The present invention relates to a driving device for a

display device which, for example, can be preferably incor-

porated in a liquid crystal display device or the like device.

2. Description of Related Art

FIG. 1 is a block diagram showing a basic construction of

a conventional liquid crystal display device 101. A display

panel 102 comprises a pair of transparent substrates, the

substrates being spaced from each other with a liquid crystal

layer therebetween. A plurality of common electrodes and

segment electrodes are provided on a surface of each trans-

parent substrate faring the liquid crystal layer. The display

panel 102 is divided into a plurality of display regions (for

example 2) 103a, 103fc. The segment electrodes constituting

the display region 103a are driven by a first segment

electrode driving circuit 105a. The segment electrodes con-

stituting the display region 103b are driven by a second

segment electrode driving circuit 105k The common elec-

trodes are driven by a common electrode driving circuit 104.

The common electrode driving circuit 104. the first seg-

ment electrode driving circuit 105a and the second segment

electrode driving circuits 105 are driven in accordance with

display control data sent from a central processing unit

(hereinafter referred to as CPU) 106. The common electrode

driving circuit 104 comprises a display controller 107,

calculation section 108. and a clock generating circuit 109.

The CPU 106 feeds the display control data to the

common electrode driving circuit 104. The calculation sec-

tion 108 of the common electrode driving circuit 104 is

adapted to calculate information indicative of the designated

display region where display data is to be displayed and

display address information in the designated display region

in accordance with the display control data fed from the

CPU 106.

The display controller 107 selects either of the first

segment electrode driving circuit 105o or the second seg-

ment electrode driving circuit 1056 in accordance with the

display region designating information, and feeds the dis-

play address information to the selected segment electrode

driving circuit The display controller 107 selects the com-

mon electrode in accordance with the display address

information, and applies a voltage to the selected common
electrode. Further, the selected segment electrode driving

circuit selects the segment electrode in accordance with the

display address information, and applies a voltage to the

selected segment electrode. In such a manner as described

above, display operation is executed on the display panel

102.

The display controller 107 and the calculation section 108

execute their respective operations, in synchronization with

a clock signal sent from the clock generating circuit 109. The

dock signal generating circuit 109 comprises a CR oscilla-

tor. A resistor 110 is externally attached to the clock signal

generating circuit 109. which sends a clock signal having,

for example, a frequency of about 32 kHz.

il
?
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In the common electrode driving circuit 104 of the liquid

crystal display device 101. the clock signal generating

circuit 109 sends a relatively low speed clock signal to the

calculation section .108 as well as the display controller 107

5 so as to execute the calculation operation. This presents a

problem that the calculation operation is executed at a low

speed. Particularly, in order to effect a function accompanied

by a complex processing, such as a window function and an

address converting function, the clock signal for controlling

10 the display is too slow for the calculation section 108 to

execute the calculation operation. Accordingly, there are

some cases where the calculation section 108 cannot be

suited for actual use.

The window function is a function for displaying a

is different display data in a specific display region set in the

display region on a display screen where an display data is

already displayed.

Further, in the case where the frequency of the clock

signal-is amplified so as to execute the calculation operation

20 at a high speed, the liquid crystal display device consumes

more power. Particularly, for example, in a portable elec-

tronic device called generally as an electronic notebook, the

power is supplied by cells. Accordingly, the life of the cells

is shortened, which presents a problem
25 A liquid crystal display device of a simple matrix type

comprises a plurality of electrodes formed in both a row

direction and a column direction interlaced with each other

on a pair of transparent substrates. Each row direction

electrode is scanned by a column direction driving circuit
30

along the column direction. Each column direction electrode

is scanned by a row direction driving circuit along the row

direction. A display signal is sent each rime the scanning is

completed for each row direction electrode. The row direc-

tion driving circuit and the column direction driving circuit

33
execute the respective foregoing operations in accordance

with the display signal and a scan signal from a central

processing unit (CPU).

Liquid crystal is filled between the row direction elec-

^ nodes and the column direction electrodes. In order to

prevent an occurrence in which a direct current is applied to

the liquid crystal, the display signal is added onto an

inversion signal whose polarity periodically inverts and

alternated in the CPU, and applied to the liquid crystal with

43
the polarity thereof inverting periodically.

An example of the inversion signal FRM is shown in FIG.

2(2). FIG. 2(1) shows a timing sequence diagram of a clock

signal generated in the CPU. The inversion signal FRM is

generated by counting the number of clocks corresponding

50 to a duty (e.g.. 1/146 DUTY) of the operation of the row

direction driving circuit and causing the polarity thereof to

invert by a toggling operation. More specifically, a clock

signal LCK shown in FIG. 2(1) is counted by a counter or

the like provided in the CPU. Upon the first fall of the clock

55
signal LCK. the inversion signal LCK switches from a low

level to a high level.

Thereafter. 146 clock signals LCK are counted, and the

inversion signal FRM switches from the high level to the

low level upon the 146th fall of the clock signal LCK. The

eo inversion signal is generated by executing the toggling

operation in a similar manner.

In the conventional liquid crystal display device utilizing

the inversion signal FRM described above, in the case where

a character "F* is to be displayed as illustrated in FIG. 3. it

65 is known that an error display 112 represented by a broken

line in FIG. 3 occurs below a lighted display region 111 on

a lower portion of the column direction electrode having

12/23/2002, EAST Version: 1.03.0002
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many lighted addresses in the column direction of the liquid electrodes and the row direction electrodes so as to execute

crystal display device 101. Le.. in a Y-direction in FIG. 3- the display operation. In order to improve such display

Such an error display 112 causes the quality of the display characteristics in the liquid crystal display device, the

of the liquid crystal display device 101 to deteriorate greatly. method is adopted by which plural kinds of driving voltages

FIG. 4 is a diagram showing an electrical construction of s are generated in the liquid crystal display device, the desired

a conventional liquid crystal display device 201 of a typical driving voltage is selected out of the plural ones, and the

type. The liquid crystal display device 201 comprises a level of the display signal is adjusted to the selected driving

matrix driven liquid crystal element 202. a column direction voltage.

driving circuit 203 for scanning the liquid
I
crystal element

circui, diagram of a display power circuit 121
201 in die column direchon. and a row chrectoon driving „ ^^ ^£wer circuit 121
arcujt 204 for scanning die Lquid crystal elemeat 201 mtoe ^.^ yR ^ifone end mefeof
row dirccdon and outputting toe display dato^e d,q>lay J c^ and resistorS- for
data outptted from atoplay data output unit 205 provided

r£ {fi^ and RS connected to the other
m J%tfTT^™ ^lll

y^™ > enH the variable resistor VR The resistors Rl to R5 are
converted by a level shifter 206. for exampl

.

ton
>

a „ ^jujjg^jgd in scries to one another. Respective outputs fromST^JI^a'T^^SSLTSSS nodes Pt «•« » resistor
202. The outputs from the level shifter 206 both averted R ^ ^ R4 Md^
and^n-invertel are respectively counted to paos of ^ ^ A4 M(J ^ and the
NAND orcuits 207. 208 and NOR cuxmts 209. 210.

driving currentfare amplified therein. Consequendy. a plu-
To the row direction dnwng circuit 204 is sent from M rality

°
f n^aUydiff^,,, display voltages VI. V2.V3.V4.

outside the inversion signal FRM to dteniatmg the display ^ yftm nvee(M9 outputted from the amplifiers Al.
voltage. An inversion signal FRW obtained by anmhfying ^^ A4 ^^ ^ from a node P6 between the
the inversion signalFRM by a level shifter 211 is sentto the

vafiabfe resistorw and a grounded side of the resistor RS
NAND circuits 207. 208. and the NOR circuits 209. 210

isusoiasli ^ ta voltage V2.
individually, respectively. In the row direction driving or-

25 ; „.TT,, _^ , „_ , .. ...

cuit 204. four nZally different kinds of driving voltagles ™» "s*to's « R2. R3 R4. and R5 for dividing the

VI to V4 are generated to be applied to the liquid crystal ™}*&* ** refeired t0 « f^0
*;

a
{£

r

„T y
f

element 202. Ae respective potentials VI to V4 are indl- «*« values rl rLi2. rl and r .Wthtoeuseof

viduaUy coupled to switchingCircuits 212. 213 comprising resistance values rl.r2. and the resistorsRl.R2R3.R4. and

respectively transistors having a P-channel metal oxide 30
**• » optmium bu« voltagevalue Vb. can be expressed

setmconductor (MOS) structure switching circuits 214. 215
" based on the driving duty DUTY ofthe liquid crystal display

comprising respectively transistors having a N-channel device « ** following first equation.

MOS structure. Outputs from the respective switching cir-
,B,„ AJ. •,«», ,n

cuits 212 to 215 are inputted to the liquid crystal display
VI"

= (f" *"y '
'

element 202 through a common line 216. 3J = (N DUTY)+ 1

In the row direction driving circuit 204 thus constructed. „ . . . . .

the switching circuits 212 to 215 receive outputs respec- y^W^^te** where the dnvmg duty of

tively from the NAND circuits 207, 208, and NOR circuits ^^tf^[^ * ^ ""."'J?
209. 210. me outputs of the NAND circuits 207, 208, and «™P»e- W« DIHX the optimum bias voltage value Vbi

NOR circuits 209, 210 depend on the four combinations 40
is obtained from fasl equaU<m

based on whether the waveform of the data from the level _ ^ + ^
shifter 206 is high level or low level, or whether the

1 x *

inversion signal FRM* is high level or low level. The logic = (\l 146) + 1

circuits and the switching circuits are so controlled that tt 13

when any one pair of logic circuit and switching circuit are 43

communicating, the other remaining pairs are kept out of Accordingly, the following third expression is obtained:

communication.
P)

In the crystal display device of this prior art, when (he

polarity of the inversion signal FRM is converted from a Therefore, the ratio of the voltage divided by the respec-

high level to a low level or vice-versa, an overlapping period 50 tive resistors Rl to R5 is :1:1:9:1:1. The display voltage

occurs during which the respective switching circuits 212 to level is thus determined.

215 are simultaneously turned on based on the difference in FIG. 6 is a diagram showing an operation of the liquid

response to the level conversion of the signal FRM between crystal display device of this prior art device. In the case

the P-channel switching circuits 212. 213 and the N-channcl where contrast adjustment is not to be effected in the display

switching circuits 214. 215. Le.. on the characteristics that 55 power circuit 121, the resistance value r of the variable

the P-channel switching circuits 212, 213 respond less resistor VR is set at "(T.The display voltages VI. which is

quickly than the N-channel switching circuits 214. 215. the maximum in the display voltages VI to V6, corresponds

Thereby, the respective driving voltages VI to V4 are with the display power voltage VE. FIG. 6(1) shows a case

simultaneously connected to the common line 216. whereby where the contrast adjustment is effected with the use of the

the current flows through the common line 216. 60 display power circuit 121. and the resistance value r of the

Accordingly, power consumption of the row direction driv- variable resistor VR is set at a non-zero arbitrary value. In

ing circuit 204 is increased. Further, it stands as a problem this case, the maximum display voltage VI is reduced from

that the row direction driving circuit 204 is liable to meet a the display power voltage VE by a potential difference AV.

damage due to the current flowing through the common line The level of the remaining voltages V2 to V6 are also

216. 63 reduced with the ratio of potentials therebetween maintained

The display voltage based on the display data is applied at V1-V5:V5-V3:V3-V4:V4-V6:V6-V2^1:1:9:1:1 as shown

to the liquid crystal layer filled between the row direction in FIG. 6(1).

12/23/2002, EAST Version: 1.03.0002
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On the other hand, in the case where the contrast adjust-

ment is not to be effected in the display power circuit 121,

the maximum display voltage VI is supposed to correspond

with the display power voltage VR However, it is generally

known mat the maximum value of the display voltage VI is

lower than the display power voltage VE by a potential

difference 8V of about 2 to 3 V due to the characteristics of

the amplifier Al. The maximum display voltage VI in this

state is shown with a broken like in FIG. 6(2). In the case

where the maximum display voltage VI is reduced to an

undesirable level, the potentials of the display voltages VI

to V6 cannot be maintained at the foregoing ratio.

Accordingly, the quality of the display will be undesirably

deteriorated.

In view of this, the liquid crystal display device of this

prior art presents a problem that the quality of the display

will be deteriorated in the case where the contrast adjust-

ment is not effected.

FIG. 7 is a partially circuit diagram and partially block

diagram showing a basic construction of another conven-

tional liquid crystal display device 301. A display unit 302

comprises a pair of transparent substrates provided with a

liquid crystal layer therebetween. A plurality of the common
electrodes and segment electrodes are disposed on surfaces

of the respective transparent substrates facing the liquid

crystal layer. The common electrodes and the segment

electrodes are respectively driven by a common electrode

driving circuit 303 and a segment electrode driving circuit

304.

A central processing unit (hereinafter referred to as a

CPU) 305 is adapted for centrally controlling the liquid

crystal display device 301. The CPU 305 sends display data

to the common electrode driving circuit 303. and then to the

segment electrode driving circuit 304. Based on the display

data sent from the CPU 305, the common electrode driving

circuit 303 and the segment electrode driving circuit 304

respectively select the common electrodes and the segment

electrodes, and apply the voltages to the selected electrodes.

A power circuit 306 feeds liquid crystal driving voltages

VI, V2, V5, and V6 to the common electrode driving circuit

303. The power circuit 306 also feeds liquid crystal driving

voltages VI. V2. V3 and V4 to the segment electrode driving

circuit 304. In the power circuit 306. a voltage Veel supplied

from a power source 307 is adjusted by a variable resistor

309 to a voltage Vee2, which is fed to an applied voltage

generating circuit 310. Between the power supply 307 and

the variable resistor 309 is provided a switch 308, which is

turned off upon receiving an OFF signal Sll from the CPU
305. This causes the power supply from the power source

307 to the applied voltage generating circuit 310 to be

interrupted.

The applied voltage generating circuit 310 includes five

resistors Rlla, R116. Rile, R114 and R12 so as to divide

the voltage Vee2 and generate driving voltages VI to V6.

These five resistors Rlla, RlV>r RUc, R114. and R12 are

generally referred to as bleeder resistors. The resistors Rlltf,

Rllfc, R12, Rile, and Rllrf are connected in series in this

order to the variable resistor 309. One end of the resistor

Klld is grounded. Resistance values rlla to r lid of the

respective resistors Rlla to Rlkf are all set at a same value.

A resistance value rl2 of the resistor R12 varies according

to the driving duty DUTY of the display unit 302 and the

optimum bias value b, and can be obtained using the

following fourth equation.

L278

6

b = <rllax4 + rl2)/rllfl (4)

= (NDUTY)+ I

5 Further, smoothing capacitors Cll to C16 for stabilizing

the applied voltages are connected respectively between

nodes El to E6 and the common electrode driving circuit

303 or the segment electrode driving circuit 304.

Out of the voltages VI to V6 supplied from the power

10 circuit 306, the voltages VI, V2. V5, and V6 arc supplied to

the common electrode driving circuit 303. and the voltages

VI. V2, V3, V4 are supplied to the segment electrode

driving circuit 304.

In the liquid crystal display device 301 described above,

15 the smoothing capacitors Cll to C16 are provided so as to

stabilize the voltage level applied to the display unit 302.

Even in the case where the switch 308 is turned off to

interrupt the power supply from power source 307 to the

applied voltage generating circuit 310, which in turn causes

20 the display unit 302 to stop displaying, electric charges

stored in the capacitors Cll to C15 are gradually discharged

id accordance with the discharge characteristics.

Accordingly, the voltage is applied to the liquid crystal layer

in the display unit 302. whereby, so-called, a residual image

25 is displayed on the display unit 302.

SUMMARY OF THE INVENTION

It is an object of the present invention to solve the

foregoing technical problems and provide a driving device

30 for a display device capable of executing a calculation

operation at a high speed.

It is another object of the invention to solve the foregoing

technical problems and provide a driving device for a

display device which has an remarkably improved display

35 quality.

It is still another object of the invention to solve the

foregoing technical problems and provide a driving device

for a display device which prevents an occurrence of a

through current therein so as to reduce power consumption
40 thereof.

Accordingly, a driving device of the invention for a

display device having a plurality of picture elements and

executable a display operation in accordance with display

data fed to each picture element, the driving device com-
45

prising:

means for feeding the display data to the plurality of

picture elements in synchronization with a clock signal

inputted thereto;

50 calculating means for executing a calculation operation

based on the display data and feeding the calculation

result to the display data feeding means in synchroni-

zation with a clock signal inputted thereto;

means for generating a first clock signal having a prede-

55 termined frequency; and

means for generating a second clock signal having a

frequency higher than the predetermined frequency;

whereby the first clock signal is fed to the display data

feeding means when only the display operation is to be

60 executed, and the first clock signal is fed to the display

data feeding means and the second clock signal is fed

to the calculating means when the display operation

and the calculation operation are to be executed.

According to the invention, only the first clock signal is

65 fed to the display data feeding means when only the display

operation is to be executed. The display data feeding means

feeds the display data to the plurality of picture elements in

12/23/2002, EAST Version: 1 . 03 . 0002
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synchronization with the first clock signal so as to execute driving means scans the column direction electrodes along

the display operation. Further, in the case where the display therow direction. The column direction driving means scans

operation and the calculation operation are to be executed the row direction electrodes along the column direction, and

simultaneously, the first clock signal is fed to the display outputs a display signal and a scan signal of the column

data feeding means and the second clock signal is fed to the 5 electrodes to the row direction driving means. To the column

calculating means. Accordingly, the display data feeding direction driving means is connected the controlling means

means executes the display operation in accordance with the so as to output the display signal* the scan signal and the first

first clock signal similar to the foregoing case where only the inversion signal. The first inversion signal is used for

display operation is to be executed. The calculating means periodically switching the polarity of the display signal

executes the calculation operation based on the display data
1Q

applied to the display device so as to prevent a direct current

in synchronization with the second clock signal having a from being applied to the display device,

frequency higher than that of the first clock signal, and feeds In the column direction driving means, the signal gener-

the calculation result to the display data feeding means. The ating means generates the second inversion signal having a

display data feeding means executes the display operation frequency higher than that of the first inversion signal

based on the calculation result At this time, it may be inputted thereto, the signal selecting means selects either the

appropriate that the second clock signal have the frequency 15 ^ inversion signal or the second inversion signal,

thereof divided so as to generate a signal having a frequency Accordingly, in the invention, the second inversion signal

almost same as the first dock signal, and the resultant signal
is ^1^^ m Uic case where there are many displaying

be fed to the display data feeding means.
addresses on the column direction electrode. Thereby, it can

Having a feature as described above, the calculation ^ nted mat aD undesiraWe display is made in a
operation can be executed at a high speed when a function 20

OD^ ^lum* direction electrode having
requinng a complex

:
c^Uon^o^ratxon such as a window

f many displaying addresses. This results in an
function and an address converting function is effected. * ' / * 1 , • ^ ,. . , .

Further, the second clock signal is fed to the calculating ^P">ved quality of the display in the display device^

means only when the calculation operation is to be executed Furth^^ "mer *c mvc™on «*»» OT scoond

Therefore, a power consumption in the driving device for the 25
inversion signal is selected, in the case where there are

display device can be reduced. The present invention is relatively few displaying addresses on the column electrode,

particularly effective for use in an electronic device provided the first inversion signal is selected so as to reduce the power

with a display device and dependent its power supply on consumption of the driving device,

cells. As described above, according to the invention, in the

As described above, according to the invention, the cal- ^ column direction driving means, the signal generating

culation operation can be executed at a high speed when a means generates the second inversion signal having a fre-

function requiring a complex calculation operation such as quency higher than that of the first clock signal inputted to

a window function and an address converting function is the column direction driving means, and the signal selecting

effected. Further, since the second clock signal is fed to the means selects either of the first inversion signal or the

calculating means only when the calculation operation is to
35

second inversion signal. Accordingly, in the case where

be executed, the power consumption in the driving device there are many displaying addresses on the column direction

for the display device can be reduced. The invention is electrode.thesecondmversionsignalisselected.Thereby.it

particularly effective for use in an electronic device provided can be prevented that an undesirable display is made in a

with a display device and dependent its power supply on the non-display region on the column direction electrode having

cells ^ relatively many displaying addresses. This results in an

Further, a driving device of the invention for a display improved quality of the display In the display device,

device comprising: Further, since either the first inversion signal or the second

row direction driving means, connected to the display inversion signal is selected, in the case where there are

device having a pair of transparent substrates on which relatively few displaying addresses on the column electrode,

a plurality of row direction electrodes and column 45
the first inversion signal is used so as to reduce the power

direction electrodes are formed so as to display a consumption of the driving device,

display data, for scanning the column direction elec- Moreover, a driving device of the invention for a display

trodes along a row direction and outputting a display device comprising:

signal; column direction driving means, connected to the display

column direction driving means, connected to the display 50
haviDg a pair of transparent substrates on which

device and the row direction driving means, for scan- * plurality of row direction electrodes and column

ning the row direction electrodes along a column direction electrodes are formed so as to display a

direction and outputting a display signal and a scan ^play data, for scanning the row direction electrodes

signal of the column electrodes to the row direction a column direction; and

driving means; and 55 row direction driving means, connected to the display

controlling meanV connected to the column direction ^vice, for scanning the column direction electrodes

driving means, for outputting a display signal, a scan along a row direction and outputting a display signal;

signal, and a first inversion signal so as to periodically wherein the row direction driving means comprises:

switch the polarity of the display signal to be applied to potential selecting means available in a plural number

the display device; 60 connected to a plurality of mutually different potentials,

the column direction driving means including means for outputs thereof being commonly connected to the

generating a second inversion signal having a fre- respective column direction electrodes;

quency higher than that of the first inversion signal selection controlling means for selecting any one of the

inputted thereto, and means for selecting either the first plurality of the potential selecting means and turning on

inversion signal or the second inversion signal. 63 the selected potential selecting means in accordance

According to the invention, in the case where the image with the display signal and an inversion signal having

is to be displayed in the display device, the row direction a predetermined frequency inputted thereto;
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means for forcibly regulating the respective potential tar means connected in series to one another for divid-

selecting means so as to be turned off for a predeter- ing the voltage of the inputted signal; and

mined period of time each time the polarity of the a second amplifying means for amplifying a plurality of
inversion signal is switched. mutually different signal level potentials obtained by

According to the invention, in the case where the display 5 dividing the adjustment signal by the bleeder means,
operation is executed using the row oirection driving means

Accordmg ,0 the invention, the level of the display signal
and the column direction driving means both connected to

Ued me n m ^ 4^,. device is changed so as
toe daplaydevice. toe column dnxction clnymg meansscans J» £ 0ftt.e display in accordance with the
the row direction electrodes, and the row direction driving J

, _ ,

r ./ . . .

mLnsscSe column direction electrodes and outputs 1
lQ

adjustment signal from the adjustrnent s^o^g
display signal. The row direction driving means is prodded

10
J***"*

of *c «4l«M s.gnal from the adjust-

with the plurality of potential selecting means connected to men* s«°al outpumng means is amplified by the first

the respective column direction electrodes. The potential amplifying means. The amplified adjustment signal is volt-

selecting means are connected to the plurality of mutually age divided by the bleeder means comprising the plurality of

different potentials. The selection controlling means con- resistor means connected in series to one another. The

trollaWy turns on any one of the plurality of potential 15 plurality of mutually different signal level potentials from

selecting means in accordance with the display signal and the bleeder means are respectively amplified by the second

the inversion signal inputted thereto at a predetermined amplifying means.

frequency. At this time, in the case where there is a differ- In the case where the adjustment signal outputting means

ence in response to the selection controlling means among is not to effect the contrast adjustment, thereby the reference

the plural potential selecting means, such a case can be 20 potential is outputted as it is. the output level may be reduced

considered to occur where all the potential selecting means fj0m the reference potential due to the saturated first ampli-

are turned on at a timing when the polarity of the inversion fy^g a^j^ „ other causes. Even in such a case, the
signal is switched. However, in the invention, the forced

adjustment signal has the level thereof amplified in advance
switching means is provided so that the respective potential b ^ first amplifying means to be fed to the bleeder means,
selecting means are regulated to be turned off for a prede- ^ AccordmgIy, Dy selecting a desired amplitude for the first

tennined period of time each time the polarity of the means. me maximum signal level potential, out
inversion signal .s switched.

of the pluraUty of mutually different signal level potentials.
Thereby, a through current can be prevented from flowing ^ ^ ^ ^ UIldesirable level it is

due to the fact that all the potential selecting means are ^ mal ffie ^ty of the display will be deteriorated,
turned on to connect the pluraUty of potentials to the row 30 as described above, according to the invention, in the
direction electrodes. As a result, it is prevented that the ^ wheje me adjutuat signal outputting means is not to
power consumption of the row direction driving means is

cffcct mc contrast adjustment, and thereby the reference
increased due to the through current. Further, a problem can ^ b ^ aj ft

. ^^ of^ of
be prevented from occumng in an electric circuit due to the £e^ mfli£og means^ ^ reduced from the refer-
through current jj ence potential. Even in such a case, the adjustment signal has
As described above according to the invennon. in the

Ae leVel thereof amplified in advance by the first amplifying
case where there is a difference in response to tiie selection

means to ^ fed to the bleeder means. Accordingly, by
controlling means among the plurality of the potential

selecting a desired amplitude for the first amplifying means,
selecting means, such a case can be considered to occur ^ maximum si^ ,cvcl potential, out of the plurality of
where all the potential selecting means are turned on at a m m^y different signal level potentials. wiU not be reduced
timing when the polarity of the inversion signal is switched. ^ &c lcvd As a rcsulL it is prevented that the
However, in the invention the forced switching means is ^ of^ ^ b wiu ^
provio^sotottoerespwuvepo^ 4^ driving device of the invention for a display
regulated to be turned off for a predetermined period of tune

comprising.
each time the polarity of the inversion signal is switched. a, .... . . .

Thereby, a through current can be prevented from flowing a crystal display device having a predetermined

due to the fact that all the potential selecting means arc
display electrode;

turned on to connect the plurality of potentials to the row power supply for supplying a display voltage to be

direction electrodes. As a result, it is prevented that the applied to the display electrode;

power consumption of the row direction driving means is x a switch provided between the liquid crystal display

increased due to the through current. Further, a problem can device and the power supply and actuatable for sup-

also be prevented from occurring in an electric circuit due to plying the display voltage to the liquid crystal display

the through current. device or interrupting the supply of the display voltage

Furthermore, a driving device of the invention for deter- thereto;

mining a level of a display signal applied to a liquid crystal
55 a capacitor one terminal of which is connected between

display device having a pair of transparent substrates and a liquid crystal display device and the switch, and the

liquid crystal layer provided between the substrates, the other terminal of which is grounded; and

driving device comprising: means, provided between the one terminal of the capaci-

outputting means, one end of which is connected to a tor and the liquid crystal display device, for forcibly

reference voltage, for outputting an adjustment signal ^ adjusting a potential at the one terminal of the capacitor

so as to adjust the contrast of an image displayed in the to a potential at the other terminal thereof,

liquid crystal display device; According to the invention, the display voltage from the

a first amplifying means for amplifying a level of the power supply is applied to the display electrodes included in

adjustment signal from the adjustment signal output the liquid crystal display device so as to execute the display

means; 65 operation. At this time, even in the case where the electric

bleeder means, to one end of which the amplified adjust- charges stored in the capacitor causes the display voltage

ment signal is inputted, comprising a plurality of resis- level to become unstable, Le.. the display voltage level
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varies , it is possible for the capacitor to stabilize the voltage FIG. 16 is a block diagram showing a construction

level applied to the display electrodes by accumulating or relating to a display voltage output circuit 161 of the

discharging the electric charges. embodiment;

When the display operation is to be stopped, the switch FIGS. 17(1), 17(2). 17(3) are timing sequence diagrams

provided between die liquid crystal display device and the 5 of signals used in the embodiment;

power source is turned off so as to interrupt the supply of the pjQ jg |s a block diagram showing a liquid crystal power
display voltage to the liquid crystal display device. This circuit 16 of a driving device embodying the invention;

causes the display linage to be cleared. The potential at the nGS^^m ^agram* showing an operation of
one terminal of the capacitor is forcibly adjusted to the

the embodiment;
potential at the other terminal thereof. Accordingly, the 10 , / . . . ^_ .

V . . ^ , . m . ?/. .K1„ FIG. 20 is a circuit diagram showing a construction of the
electric charges stored in the capacitor can be forcibly .... . , . , w .

*

discharged.
hquid crystal power circuit 16; and

In view of this, after the supply of the display voltage to ^ 21 * a showinS openAm of the

the liquid crystal display device is interrupted, the electric L>ld P°wcr 010111 16

charges stored in the capacitor are gradually discharged. The 15 DETAILED DESCRIPTION OF THE
discharged electric charges are applied to the display PREFERRED EMBODIMENTS
electrodes, (h^by preventing the so-called residual image

Nqw Kfmjng tQ me embodiments of

°Z de^oed above, according to .he invention, the fore-
the invention are desaibed below,

ibly adjusting means is provided for forcibly adjusting the 20
j

* » a
.

bl°? <hagram
.

show
f8 « conduction of a

potential at toe terminal of the capacitor to the potential at
*»viog device incorporaUng the .nvent.on as an

the other terminal thereof so as to discharge the electric
embodiment. FIG. 9 is a block diagram showing a data

charges stored in the capacitor. Accordingly, after the supply P"*^ 2
Pf

0Vldcd wl* a c
J
onlmon ^vmg circuit

of the display voltage to the hquid crystal display device is I™*™ 1« is a plan view of toe daU prc^ii« device

interrupted, me elcclric charges stored in the capacitor can 25 2- The data processing device 2 u of a. «M*Ued notebook-

be forcibly discharged therefrom. This can prevent the size, and providedwith a first operation unit 3 and a second

residual image to be displayed in the liquid crystal display operation unit 4. The first operation unit 3 and the second

device. AsTresult. the quality of the display of the liquid operation unit 4 are connected at a juncture 5 openably and

crystal display can be improved.
closablv- °n second operation unit 4 are arranged cursor

'
30 keys 6. function keys 7. character input keys 8. and number

BRIEF DESCRIPTION OF THE DRAWINGS input keys 9. etc. On the first operation unit 3 are arranged

transparent touch keys 10 and a liquid crystal display device
Other and further objects, features, and advantages of the ^ etc

invention will be more explicit from the following detailed ^ processing device 2 having such a construction
description taken with reference to the drawings wherein: ^ as deKdbei above comprises a central processing unit

FIG. 1 is a blockdiagram showing a basic construction of (hereinafter referred to as a CPU) 12 including, for example,

a conventional liquid crystal display device 101 ; a microprocessor. The touch keys 10 and the respective keys

FIGS. 2(1). 2(2) are respectively timing sequence dia- provided on the second operation unit 4 are connected to the

grams of signals used in the prior art; CPU 12. Further, a random access memory (RAM) 13 and

FIG. 3 is a view showing an operation of the present 40 a read only memory (RAM) 14 are connected to theCPU 12.

embodiment and prior arts; The RAM W provides a storage area for storing various

FIG. 4 is a schematic circuit diagram of a liquid crystal
inout and^ a w«k

j

n* art* for data in an

display device 101 of a typical prioTart;
operatave state-The ROM 14 is adapted* store a program

v * , , for regulating control operation of the CPU 12. font data for
HG. 5 is a schematic circuit diagram of a display power ^ . ^ ^

circuit 121 of the typical prior art;
Furthcr. to CPU 12 are connected a time circuit 15 for

FIGS. 6(A). 6(B) are diagrams respectively showing an measuring the time, a common electrode driving circuit 1 for

operation of the prior art; controlling display operation of the liquid crystal display

FIG. 7 is a diagram showing a basic construction of a device 11 in a manner to be described hereinafter, and a

conventional liquid crystal display device 301; 50 liquid crystal power circuit 16. The liquid crystal power

FIG. 8 is a block diagram showing a construction of a circuit 16 varies a liquid crystal poser Potential supplied to

driving device embodying the invention; the common electrode driving circuit 1 in accordance with

FIG. 9 is a block diagram showing a data processing a contrast signal from the common electrode driving circuit

device 2 provided with a common electrode driving circuit 1- ™d & turned on or off in response to a control signal from

j. 55 the CPU 12. A plurality of segment electrode driving circuits

'

FIG. 10 a plan view of the data processing device 2; " ^tlus embodiment 8) are connected to the common
_ Y

. ^ . . electrode driving circuit 1, and control a display condition of
FIG. 11 is a block diagram showing a basic construction ^^ ^vice 11 together with the com-

of a tuning generating circuit 23; m0n electrode driving circuit 1. The liquid crystal display
FIG. 12 is a timing chart showing an operation of the ^ ^vice 11 comprises a pair of transparent substrates llo,

timing generating circuit 23; uf, a common electrode 11c, segment electrodes 114 and

FIG. 13 is a block diagram showing a signal generating a liquid crystal layer Ue. The common electrode 11c and the

circuit 63 of a driving device embodying the invention; segment electrodes lid are formed on the respective sub-

FIG. 14 is an exemplary circuit diagram of the signal strates 11a, 116 with the liquid crystal layer lit therebc-

generating circuit 63; 65 tween.

FIGS. 15(1). 15(2) are respectively timing sequence dia- FIG. 8 shows a block diagram of the common electrode

grams of signals used in the embodiment; driving circuit 1. The CPU 12 sends a read in/out control
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signal R/W, a clock signal <|>, and a chip enable signal CE to CGSTOP is high. On the contrary, when the set value is "0".

the common electrode driving circuit 1. The common elec- the level of the control signal CGSTOP is low.

trode driving circuit 1 is provided with a control circuit 19, The clock signal CK1 is fed to the data processing circuit

to which address data AD. display data DI and the like are 21. memory control circuit 22, window processing circuit

inputted. The display data DI is inputted through a data 5 29. or the like provided in the common electrode driving

buffer 20. The common electrode driving circuit 1 sends a circuit 1.

frame signal FR, a control signal D1S for ON/OFF control- The clock signal generating circuit 52 also feeds the clock

ling the display by means of the segment electrodes, a clock signal CK1 to the frequency divider 53. The frequency

signal LCK to the segment electrode driving circuits 17. divider 53 is adapted to divide the clock signal having a

Further the common electrode driving circuit 1 sends a busy
1Q frequency of. for example. 3 MHz so as to output a clock

signal BY to the CPU 12. As described above, the data signal CIO) having a frequency of. for example. 32 kHz. The

processing device 2 is of a notebook size and therefore clock signal from the frequency divider 53 is fed to the clock

portable. Accordingly, various reference voltages necessary switching circuit 54.

for the operation of the data processing device 2 are gener- The clock switching circuit 54 receives the clock signals

ated from a power circuit 26 connected to a cell 25.
15

from the frequency divider 53 and a CR oscillator 24. The

To the control circuit 19 is connected a data processing clock switching circuit 54 switchabty outputs the received

circuit 21. in which predetermined logical operations (SET. clock signal in accordance with a control signal DIV fed

AND, OR. XOR, etc.) are executed to the address data and from the CPU 12. More specifically, when the control signal

the display data transferred from the CPU 12. Subsequently, DIV is *r, i.e.. when the level of the control signal is hgu

the processed data are transferred to the segment electrode M the clock switching circuit 54 outputs the clock signal CK1

driving circuits 17. A memory control circuit 22 is adapted fed from the frequency divider 53 as a display clock signal

to determine to which segment electrode driving circuits 17 CK2. On the other hand, when the control signal DIV is <0

the address data from the CPU 12 is to be transferred, and * when the level of the control signal is low. the clock

generate a relative address in any of the selected segment switching circuit54 outputs medwk signal fed from the CR

electrode driving circuits 17. A timing generating circuit 23 ^ oscillator 24 as a display clock signal CKZ

is adapted to generate a clock signal or other signals used for The oscillating operation of the CR oscillator 24 is

various operations executed in the common electrode driv- controlled in accordance with a control signal CR5TOP fed

ing circuit 1. The timing generating circuit 23 receives a from the CPU 12. Specifically, when the control signal

reference clock signal sent from an oscillator 24. CR5TOP is "0", i.e., when the level of the control signal is

A common signal control circuit 27 and a decoder 27 30 low. the CR oscillator 24 executes the oscillating operation

provided therefor generate a common signal to be fed to the to output the clock signal having a frequency of 32 kHz^

coimnon electrodes of the liquid crystal display device 11 in When the control signal CR5TOP is 1 .i.e.. when the level

accordance with the clock signal from the timing generating of the control signal is high, die CR oscillator 24 stops

circuit 23. Further, to the control circuit 19 is connected a executing the oscillating operatioD. Accordingly when the

window processing circuit 29 having a construction and 35
&spl*y operation is not required, the CR oscillator 24 is

perfonning an operation to be described hereinafter. A caused to stop executing its predetermined osciliaLngopcxa-

contrast adjusting circuit 46 is adapted to store the density of tion by switching the level of the control signal CRSTOP to

the display in the liquid crystal display device 11. The CPU the high level. Therefore, useless power consumption can be

12 sets density data in the contrast adjusting circuit 46, The effectively prevented.

contrast adjustment of the liquid crystal display device 11 is Similar to the control signal CGSTOP, the control signals

performed by the liquid crystal power circuit 16 shown in DIV. CRSTOP arc also controlled by the values set in the

FIG. 9 in accordance with the density data in the contrast register provided in the control circuit 19.

adjusting circuit 46. A liquid crystal voltage input unit 18 is In this embodiment, the CPU 12 feeds the clock signal $

provided for supplying the liquid crystal power potential having a frequency of 3 MHz to the clock signal generating

from the liquid crystal power circuit 16 to the common 45 circuit 52. However, it may be appropriate that a ceramic

electrode driving circuit 1. resonator be substituted for the clock generating circuit 52,

FIG. 11 is a block diagram showing a basic construction whereby to voluntarily oscillate,

of the timing generating circuit 23. The timing generating FIG. 12 is a timing chart showing an operation of the

circuits 23 cornprises a clock generating circuit 52, a fre- timing generating circuit 23. The calculation operation and

quency divider 53 and a clock switching circuit 54. The 50 the display operation are simultaneously executed during a

clock generating circuit 52 generates, for example, a clock time period T2. During the time period T2. the control signal

signal CK1 for calculation operations having a frequency of CGSTOP is set at 'XT (low level), and the control signal DIV

3 MHz in accordance with a signal CGSTOP for controlling is set at "1" (high level). Accordingly, the clock signal

a ON/OFF of the clock signal <> sent from the CPU 12. In this generating circuit 52 is caused to output the calculation

embodiment, the CPU 12 sends the clock signal $ having a 55 clock signal CK1. and the clock switching circuit 54 is

frequency of 3 MHz to the clock generating circuit 52. The caused to output the clock signal from the frequency divider

clock generating circuit 52 receives or stops receiving the 53 as the display clock signal CK2. It will be desirable that

clock signal $ from the CPU 12 in accordance with the the control signal CR5TOP is set at "1". Thereby, the CR
control signal CGSTOP. oscillator 24 is caused to stop executing the oscillating

When the level of the control signal CGSTOP is low, the 60 operation, resulting in reduction in power consumption,

clock generating circuit 52 sends the clock signal CK1. On Only the display operation is executed during a time

the other hand, when the level of the control signal CGSTOP period Tl. During the time period Tl. the control signals

is high, the clock generating circuit 52 stop sending the CGSTOP. DIV. CR5TOP are respectively set at
44 L" "0".

clock signal CK1 . The control signal CGSTOP is controlled "(P. Accordingly, the clock switching circuit 54 is caused to

by a value set in a register provided in the control circuit 19 65 output the clock signal from the CR oscillator 24 as the

in the common electrode driving circuit 1. More specifically, display clock signal CKZ while the operation of the clock

when the set value is "1", the level of the control signal generating circuit 52 is stopped.
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As will be seen above, the calculating clock CK1 is fed to

various calculating circuits only when the calculation opera-

tion is to be executed. Accordingly, the power consumption

can be reduced compared to the case where the high speed

clock signal is constantly used. With this feature, it can be 5

made possible that a portable electronic device, such as an

electronic notebook, provided with a liquid crystal display

device and dependent upon the cells or the like as power

supply, has functions such as a window function and an

address converting function which requires a complex cal- 10

culaaon operation. Further, the complex calculation opera-

tion can be executed at a high speed when the various

functions are to be effected.

FIG. 13 is a block diagram showing a signal generating

circuit 63 included in the common electrode driving circuit 15

1 embodying the invention. The signal generating circuit 63

comprises a FRM register 64 of, for example. S bits. The

processed FRM data is transferred from the CPU 12 to the

FRM register 64 to be stored therein. Less significant 7 bits

of the FRM register 64 determine a cycle of a second 20

inversion signal FRM2 to be described hereinafter. A most

significant bit FX regulates a selection operation of a signal

selection circuit 65. The signal selection circuit 65 is adapted

to select either of the first inversion signal FRM1 inputted

from the CPU 12 or the second inversion signal FRM2. The 25

second inversion signal FRM 2 is generated in a manner to

be described below and has a frequency higher than that of

the first inversion signal FRM1. The FRM data constituted

by the less significant 7 bits is transferred from the FRM
register 64 to a memory unit 66 to be stored therein. 30

The clock signal generating circuit 63 is further provided

with a counting circuit 67 and a comparator circuit 68. The

counting circuit 67 is adapted to increment a count value by

one each time the clock signal LCK is inputted thereto. The

comparator circuit 68 is adapted to compare the count value
35

in the counting circuit 67 and the FRM data. While detecting

a mismatch between the count value and the FRM data, the

comparator circuit 68 outputs a mismatch detection signal of

a high level through a line LI to the counting circuit 67.

which in turn continues the incrementing operation.
40

Upon detecting a match between the input data, the

comparator circuit 68 outputs a match signal which falls

from a high level to a low level through a line L2 to the

counting circuit 67. Upon receipt of the match signal, the
4J

comparator circuit 67 resets its counting operation. The

match signal is also sent to a binary counter 69.

Subsequently, an output value of the binary counter 69 is

inputted to an AND circuit 70 constituting the signal selec-

tion circuit 65. x
The most significant bit FX of the FRM register 64 is

inputted to the AND circuit 70. The most significant bit FX
is also inputted to an inverting circuit 71 in which an

inversion signal is generated to be sent to anAND circuit 72.

The inversion signal from the inverting circuit 71 and the 55

first inversion signal FRM1 from the CPU 12 are inputted to

theAND circuit 72 together. Outputs of theAND circuits 70.

72 are coupled to an OR circuit 73. An output of the OR
circuit 73 serves as an output of the signal selection circuit

65. The signal selection circuit 65 outputs either the second ^
inversion signal FRM2 which is the output of the binary

counter 69 or the first inversion signal FRM1.

FIG. 14 is an exemplary circuit diagram of the signal

generating circuit 63. The FRM register 64 and the memory

unit 66 are respectively provided with a latch circuit 74 for 65

storing 8-bit data from the CPU 12. Less significant bits DO
to D6 are inputted to six EXCLUSIVE OR circuits 75

16

included in the comparator circuit 68 individually respec-

tively. The outputs of the respective EXCLUSIVE OR
circuits 75 are inputted to a NAND circuit 76. An output of

the NAND circuit 76 is inputted to the binary counter 69,

The counter circuit 67 is provided with a latch circuit 77

of 7 bits for latching the input data each time the clock signal

LCK is inputted thereto. An output of the latch circuit 77 is

inputted to an incrementing circuit 78. The incrementing

circuit 78 increments the input data by one each time the

output of the latch circuit 77 is inputted thereto, and outputs

the same in the form of 7-bit parallel data. Each bit of the

output of the incrementing circuit 78 is inputted to the

corresponding bit of the latch circuit 77 through inversion

circuits 79 and NOR circuits 80. Both the inversion circuits

79 and the NOR circuits 80 are provided for each bit. An
output of the NAND circuit 76 is inverted in an inversion

circuit 81, and the inverted output is inputted to the seven

NOR circuits 80 as a reset signal for the counting circuit 67.

The 7-bit output of the latch circuit 77 is inputted to the

seven EXCLUSIVE OR circuits 75 constituting the com-

parator circuit 68 for each bit. More specifically, when the

parallel 7-bit output of the latch circuit 77 and the 7-bit

output of the latch circuit 74 correspond with each other for

each corresponding bit, 7-bit input to the NAND circuit 76

are all logic "1*. Only in this case, the output of the NAND
circuit 76 switches from the high level to the low ieveL

which in turn counts up the binary counter 69. A signal

indicative of that the NAND circuit 76 is switched from the

high level to the low level fixes the respective outputs of the

seven OR circuits 80 of the counting circuit 67 at low level,

which in turn resets the latch circuit 77. The OR circuit 73

of the signal selection circuit 65 shown in FIG- 13 includes

a NOR circuit 82 and an inversion circuit 83.

When a most significant bit D7 of the latch circuit 74 is

set at "r, the AND circuit 70 is turned on while the AND
circuit 72 is turned oflf. Accordingly, the OR circuit 73

outputs the second inversion signal FRM2 from the binary

counter 69 as an inversion signal FRM. ON the other hand,

when the most significant bit D7 of the latch circuit 74 is set

at "0". theAND circuit 72 is turned on while theAND circuit

70 is turned off. In this case, the OR circuit 73 outputs the

first inversion signal FRMI from the CPU 12 inputted to the

AND circuit 72 as an inversion signal FRM from the signal

selection circuit 65.

FIGS. 15(1). 15(2) are respectively timing sequence dia-

grams of signals used showing an operation of the embodi-

ment There will be described a case where the FRM data N
from the CPU 12 is preset in the seven less significant bits

of the FRM register 64 shown in FIG. 13. After reset the

counting circuit 67 outputs a count value=l the comparator

circuit 68 upon the fall of the firs: inputted clock signal LCK.
The comparator circuit 68 in turn outputs the mismatch

signal so as to cause the counting circuit 67 to continue its

counting operation.

At this time, the output of the comparator circuit 68 is "P.

In the case where the most significant bit FX of the FRM
register 64 is "1", the high level output of the binary counter

69 is outputtcd as an inversion signal FRM of the signal

selection circuit 65. thereby a waveform represented by FIG.

15(2) can be obtained. Thereafter, when the count value of

the counting circuit 67 reachesT the outputs of the seven

EXCLUSIVE OR circuits 75 included in the comparator

circuit 68 are all set at logic "l
w

. Thereby, the output of the

NAND circuit 76 is switched from the high level to the low

level. At mis timing, a non-inverted output of the binary

counter 69 is switched to the low IeveL Consequently, the
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waveform represented by FIG. 15(2) can be obtained The inversion signal FRM* serving as an output of the

Hereafter, by repeating the similar operation, the second level shifter 168 is inputted to a forced switching circuit 174.

inversion signal FRM2 from the binary counter 69 is out- The forced switching circuit 174 comprises a NAND circuit

putted as an inversion signal FRM of the signal selection 175 and a NOR circuit 176. to each of which the inversion

circuit 65. 5 signal FRM' is inputted. An output of the NAND circuit 175

The inversion signal FRM outputtcd from the signal i* *> cach * *e NAND ctaita 164. ^through

selection circuit 65 has a frequency higher than that of the an inversion circuit 177 while being inputted to Ae NOR

first inversion signal FRM1 sent from the CPU 12. circuit 176 through a pair of invenion circuits 178. On^tfie

Accordingly, the error display 112 can be prevented from other hand, an output of the NOR circuit 176 is inputted to

occurring on the segment electrode having relatively many 10 each of the NOR circuits 166. 167 through an inversion

lighted addresses in the Y-direction as shown in the explana- circuit 179 while being inputted to the NAND circuit 175

tory display of the liquid crystal display device 101 of the through a pair of inversion circuit 180. Capacitances CI, C2

prior art with reference to FIG. 3. provided respectively on the output sides of the inversion

_ ... „ t _ . . . circuits 177. 179 are gate capacitances.
On the other hand, as for the segment electrodes having m

8 .....
relatively few lighted addresses in the display region of the

15 In the display voltage output unit 161 thus constructed,

liquid crystal display device 11, the most significant bit FX any one of the respective switching circuits 169 to 172 is

of the FRM register 64 is set at "0". whereby to use the first *™<* °° by the output of one of fee circuits 164 to 167

inversion signal FRM1 from the CPU 12. Accordingly- it is corresponding thereto. The output of the circuits to 167 are

made possible to output the first inversion signal FRM1 based °n a combination of whether the waveform of the data

from the signal generating circuit 63 shown in FIG. 13.
20 from the level shifter 163 is high level or low level, and

Consequently, for example, a more power saving data pro- whether switch signals FNA. FNR from the forced switch-

cessing device 2 can be obtained. in8 174 to be described below are high level or low

FIG. 16 is a block diagram showing a construction a ^
l̂h

00B °f *e^T^'^J^^
display voltageo^(AofMd«M „ *™J

°n
-
*e remamnS three CircmtS ^ «"**«^

driving circuit 17. The segment electrode driving circuit 17
turned on -

is provided with a display data generator 162 having, for FIGS. 17(1), 17(2). 17(3) are tuning sequence diagrams

example, a random access memory (RAM). The display data of signals used in the ernbodiment showing an operation

to be ourputted and the display addresses thereof in the thereof. The inversion signalFRM has the same phase as the

liquid crystal display device 11 are fed from the common inversion signal FRM. but voltage level thereof is higher

electrode driving circuit 1. In the case where the display data than that of the inversion signal FRM. In this embodiment

is to be written in the liquid crystal display 11. the write-in the switch signals FNA, FNR are generated from the inver-

voltage based on the display data is alternated so that the sion signal FRM* by using fee forced switching circuit 174.

polarity thereof is periodically inverted in accordance with The switch signal FNA is inputted to each of the NAND
the control signal, called as an inversion signal, in order to circuits 164, 16S. The switch signal FNR is inputted to each

prevent a direct current (DC) from being applied to the of the NOR circuits 166. 167.

liquid crystal. That is to say, the write-in voltage of reversed The switch signal FNR is obtained through the NOR
polarity is applied to the liquid crystal periodically alter- operation between the inversion signal FRM* and the switch

nately. signal FNA. Accordingly, the switch signal FNR rises to fee

The display data outputted from fee display data output ^ high level at a timing tl when the inversion signal FRM
unit 162 provided in the segment electrode driving circuit 17 rises to high level. On fee other hand, the switch signal FNA

has a voltage level thereof converted from, for example, a is obtained through the AND operation between the inver-

transistor level to a drive level of the liquid crystal display sion signal FRM and fee switch signal FNR. Accordingly,

device 11 by a level shifter 163. An inverted output and a the switch signal FNA rises to the high level at a timing 12

non-inverted output of fee level shifter 163 are respectively
45

delayed from the timing t2 by a time period Tl determined

inputted to pairs of the NAND circuits 164. 165 and the by the gate capacitance C2 under fee influence thereof. The

NOR circuits 166 167 switch signals FNA. FNR are both in the high level state

To a display voltage unit unit 161 is sent the inversion <«rtng a time periodT2 defludbyte^gU anda timing

signal FRM from fee control circuit 19 provided in the * when ™™oa agDal ™* faUs to me low ,evc1 '

common electrode driving circuit 1 so as to alternate the 50 uP°n 4c inversion signal FRM falling to the low level at

display voltage. The voltage level of the inversion signal the timing t3, fee switch signal FNA immediately falls to fee

FRM is amplified by a level shifter 168, which in turn low level since it is obtained through fee AND operation

outputs a voltage level amplified inversion signal FRM 1

. The between fee inversion signal FRM' and the switch signal

inversion signal FRM is inputted to the NAND circuits 164. FNR. The switch signal FNR falls to fee low level at a

165, and the NOR circuits 166, 157 individually respec- 55 "^"8 14 <W*y*d fr°m *c timin8 t3 by a time period T3

tively corresponding to the gate capacitance CI since it is obtained

On the other hand, in the display voltage output unit 161 **oufr the NOR operation between fee inversion signal

are generated mutually different four kinds of drive poten- ™« and the switch signal FNA. During a time period T4

tials VI to V4 to be applied to fee liquid crystal display whidl starts al *c me S1«aals

device 11. The respective potentials VI to V4 are individu- « FNR are in the low level.

ally connected to switching circuits 159, 170, 171. and 171 In this way, there are generated fee switch signal FNA for

Each of the switching circuits 169. 170 comprises a tran- controlling the P-channel switching circuits 169, 170 and fee

sistor having a P-channel MOS structure. Each of the switch signal FNR for controlling the N-channel switching

switching circuits 171. 172 comprises a transistor having a circuits 171,172.

N-channel MOS structure. The respective outputs of fee 65 States obtained based on fee non-inverted data from the

switching circuits 169 to 172 are connected to a common level shifter 163 and outputs NA1, NA2, NR1, NR2 respec-

line 173 to be inputted to the liquid crystal display device 11. tively of the NAND circuits 164, 165 and fee NOR circuits
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166. 167 are shown in the following Tables 1 and 2 with

respect lo a case where the non-inverted output of the level

shifter 163 is "1" and another case where the non-inverted

output of the level shifter 163 is "(T. In the respective Tables

1 and 2, a symbol Z denotes a high impedance state.

TABLE 1

(DifiDbv Data =

Period Tl Tl T3 T4

NA1 1 (0) 1 1

NA2 1 1

NR1 0 0 0 0

NR2 0 0 0 0)
Lercl z VI z V2

TABLE 2

rDisolav Data = "OH

Period Tl T2 T3 T4

NA1 1 1 1

NA2 1 (0) 1 1

NR1 0 0 0 (0
NR2 0 0 0 0

Lcrcl z V3 z V4

(Mark "(l)", "(0)" represents a selecting)

During the time period T2. only the output NA1 is

effective in the case where the display data=l, and thereby

the drive potential VI is selected. In (he case where the

display data=0. only the output NA2 is effective, and thereby

the drive potential V3 is selected. Further, during the time

period T4. only the output NR2 is effective in the case where

the display data=l, and thereby the drive potential V2 is

selected. In the case where the display data=0, only the

output NR1 is effective, and thereby the drive potential V4

is selected.

During the time periods Tl and T3 which respectively

start at the inverting timings tl, t3 of the inversion signal

FRM' and lasts for predetermined period of time, any of the

switching circuits 169 to 172 are turned off. whereby the

common line 173 is induced to the high impedance state.

Accordingly, the problem, of an undesirable through current

described with reference to the prior art can be prevented

from occurring when the inversion signal FRM' switches

from the high level to the low level, or vice-versa. Therefore,

the segment electrode driving circuit 17 can be designed to

consume less power. Further, by preventing the occurrence

of the through current electric problems liable to occur in

the segment electrode circuit 17 can also be prevented.

FIG. 18 is a circuit diagram showing an exemplary

construction of (he liquid crystal power circuit 16. The liquid

crystal power circuit 15 comprises a variable resistor VR
having a resistance value of r. One end of the variable

resistor VR is connected to a display power potential VE.

The other end of the variable resistor VR is grounded

through a resistor R16 having a resistance value of r3. An

amplifier A16 is connected to a node P17 between the

variable resistor VR and the resistor R16, and an output

thereof is connected to, for example, one end of a series

circuit having five resistors Rll to R15. The other end of the

series circuit is grounded. A node Pll connected to one end

of the series circuit Pll, and nodes P12 to P15 between the

two adjoining resistors R12 to R15 are respectively con-

nected to amplifiers All to A15.

1.278
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Outputs of the respective amplifiers All to A15 and an

output of a node P16 are respectively display voltages VI.

V2. V3, V4, V6. and V2. Accordingly, a level relationship

between the respective display voltages VI to V6 and the

5 display power voltage VE can be expressed in the following

fifth equation (5).

VESVl>Va>V3>V4>V6>V2 (5)

The resistors Rll to R15 are bleeder resistors for dividing
10

the voltage, and resistance values thereof are respectively set

at rl, rl. r2, rl, and rl similarly to the description made with

reference to the prior art An optimum bias voltage value Vbi

between the resistance values rl. r2 and the resistors Rll to

F1S can be obtained from the foregoing first equation (1) in
15

the case where a duty of the common electrode driving

circuit 1 of this emrxxliment is equal to 1/146 DUTY sirnilar

to the description made with reference to the prior art

Accordingly, the foregoing second and third equations (2).

(3) are also satisfied, whereby the ratio of the display
20

voltages is similar to the prior art, Le.,

V1-V5:V5-V3:V3-V4:V4-V6:V6-V2=1: 1 5: 1: 1A 1:1

FIGS. 19(1), 19(2) are respectively diagram showing an

25 operation of this embodiment. Upon a contrast adjustment

being effected in the liquid crystal power circuit 16. the

resistance value r of the variable resistor VR is set at a

non-zero value. Thereby, the display power voltage VE is

divided at a ratio of rx3 which is the ratio of the resistance

30 values between the variable resistorVR and the resistor R16,

and has a current level thereof amplified by the amplifier

A16. The voltage level outputted from the amplifier A16 is

divided by the resistors Rll to R15. The divided voltages

have the current levels thereof amplified by the respective

35 amplifiers All to A15. Consequently, the display voltages

V,l. V5. V3. V4. V6, V2 are outputted. This state is shown

in FIG. 19(1). The maximum display voltage VI is reduced

from a reference display voltage VE only by AV(r).

In the case where the contrast adjustment is not to be

40 effected in the liquid crystal power circuit 16, the resistance

value r of the variable resistor VR is set at "0". Then, the

voltage in the node P17 is equal to the reference display

voltage VE. The voltage of this level is outputted through the

amplifier A16 to be divided by the resistors Rll to R15. In

45 the amplifierA16, the output voltage is in fact lower than the

reference display voltage VE by a potential difference 8V
e.g.. about 2 to 3 V according to the characteristics of the

amplifier A16. However, the resistors Rll to R15 executes

the voltage dividing with treating the output voltage as a

so reference display voltage.

Accordingly, it can be prevented that the level of only the

display voltage VI is reduced to an undesirable level, out of

the display voltages VI, V5, V3, V4, V6 and V2 obtainable

by amplifying the output voltages from the nodes Pll to P16

55 by the amplifiers All to A15. More specifically, as shown in

FIG. 19(2), in the case where the resistance value r of the

variable resistor YR is set at **0", when the maximum display

voltage is reduced from the reference display voltage VE,

the levels of the remaining display voltages V5, V3. V4. V6

60 and V2 are reduced by an amount corresponding to the ratio

of the potential difference thereof.

As described above, in this embodiment, it can be pre-

vented that the level of, far example, only the maximum

display voltage Vll undesirably varies, out of the display

65 voltages VI. V2. V3, V4. V6 and V2. Accordingly, such an

occurrence can be prevented as to cause the quality of the

display to be deteriorated, resulting from the fact that the
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foregoing ratio of the display voltages VI, V5, V4, V6 and

V2 cannot be maintained because of the variation of the

maximum display voltage VI.

FIG. 20 is a circuit diagram showing a basic construction

of the liquid crystal power circuit 16. The liquid crystal 5

power circuit 16 feeds a liquid crystal drive voltage to the

common electrode driving circuit 1 and the segment elec-

trode driving circuit 17. In the liquid crystal power circuit

16. the voltage VEE1 from the power circuit 26 is adjusted

by the variable resistor VR to a voltage VEE2 to be fed to w
an applied voltage generating circuit 60. A switch 58 is

provided between the power circuit 26 and the variable

resistor 59. The switch 58 is turned off in response to an OFF
signal SI fed from the CPU 12, whereby to interrupt the

power supply from the power circuit 26 to the applied

voltage generating circuit 60. 13

The applied voltage generating circuit 60 comprises five

resistors Rla, Rife, Rlc, Rid and R2 for dividing the voltage

VEE2 to generate drive voltages VI to V6. These five

resistors Rla, Rib, Rlc, Rid and R2 are generally referred

to as bleeder resistors. The resistors RI4 Rift. R2* Rit; and 20

Rid are connected in series to the variable resistor 59 in this

order. One end of the resistor Rid is grounded. Resistance

values rla to rid of the resistors Rl^ to Rid are set equal to

each other. A resistance value r2 of the resistor R2 varies

according to the drive duty DUTY of the liquid crystal 25

display device 11 and the optimum bias voltage value B. and

can be obtained using the following sixth equation (6).

B = (rlax4+r2y#-la

= (M DUTY) + 1

30

Further, smoothing capacitors CI to C6 are provided

between nodes Dl to D6 and the common electrode driving

circuit 1 or the segment electrode driving circuits 17 for

stabilizing the supplied voltage. 35

Out of the voltages VI toV6 from the liquid crystal power

circuit 16, the voltages VI. V2, V5. V6 are supplied to the

common electrode driving circuit 1, and the voltages VI.

V2. V3, and V4 are supplied to the segment electrode

driving circuit 17. 40

An electric charge discharging circuit 61 is connected to

a node D7. The electric charge discharging circuit 61 com-

prises a N-channel type MOS 55 (hereinafter referred to as

N-MOS), a P-channel type MOS 56 (hereinafter referred to

as P-MOS). and a level shifter 57. To the node DT is 45

connected a drain side terminal of each of the N-MOS 55

and the P-MOS 56. Source side terminal of the N-MOS 55

and the P-MOS 56 are grounded. The N-MOS 55 operates

on a normal logic type voltage Vcc (5 V type). Accordingly,

a control signal STB from the CPU 12 is fed to a gate side 50

terminal of the N-MOS 55. The potential VEE1 at the node

D7 is variable in the range of 16 V to 30 V and relatively

high. Accordingly, the P-MOS 56 will not operate unless a

signal having a high voltage is fed to a gate side terminal

thereof. Therefore, to the gate side terminal of the P-MOS 56 55

is fed an output (voltage VEE1 type) from the level shifter

57.

FIG. 21 is a timing chart showing the operation of the

liquid crystal power circuit 16. In the case where an dis-

played image is to be cleared in the liquid crystal display 60

device 11. the level of the OFF signal SI is switched from

the low level to the high level at a time tl as shown in FIG.

21(2). Thereby, the switch 58 is turned off to interrupt the

power supply from the power circuit 26 to the applied

voltage generating circuit 60 (see FIG. 21(1)). Thereafter, 65

the level of the control signal STB is immediately switched

to the high level (see FIG. 21(3)). whereby the N-MOS 55

and the P-MOS 56 are turned on simultaneously (see FIG.

21(4)). Accordingly, the node D7 is grounded, and thereby

the potential VEE1 becomes "0". causing the electric

charges stored in the capacitors CI to C6 to the forcibly

discharged. As a result, the electric charges stored in the

capacitors CI to C6 will not be supplied to the liquid crystal

display device 11. Therefore, the likelihood can be pre-

vented that a residual image is displayed on the screen after

the displayed image is cleared.

As described above, according to the foregoing

embodiment, by providing the electric charge discharging

circuit 61. the charges stored in the capacitors CI to C6 can

be forcibly discharged after the displayed image is cleared,

preventing the residual image from being displayed on the

screen. Consequently, the quality of the display in the liquid

crystal display device 11 can be improved.

The invention may be embodied in other specific farms

without departing from the spirit or essential characteristics

thereof. The present embodiments are therefore to be con-

sidered in all respects as illustrative and not restrictive, the

scope of the invention being indicated by the appended

claims rather than by the foregoing description and all

changes which come within the meaning and the range of

equivalency of the claims are therefore intended to be

embraced therein.

What is claimed is:

1. A driving device for a display device comprising:

a liquid crystal display device having a predetermined

display electrode;

a power supply for supplying a display voltage to be

applied to the display electrode;

a switch provided between the liquid crystal display

device and the power supply and actuatable for sup-

plying the display voltage to the liquid crystal display

device or interrupting the supply of the display voltage

thereto;

a capacitor, a first terminal of the capacitor being con-

nected between the liquid crystal display device and the

switch, and a second terminal of die capacitor being

grounded; and

an electrical circuit provided between the first terminal of

the capacitor and the liquid crystal display device, for

forcibly adjusting a potential at the first terminal of the

capacitor to a potential at die second terminal of the

capacitor wherein the electrical circuit for forcibly

adjusting the potential at the first terminal of the

capacitor to the potential at the second terminal of the

capacitor comprises:

a first transistor;

a second transistor;

first terminals of both the first transistor and the second

transistor being connected to the switch and second

terminals of both the first transistor and the second

transistor being connected to ground;

the first transistor being operable when a signal of a first

level is applied to a third terminal of the first transistor;

the second transistor being operable when a signal of a

second level is applied to a third terminal of the second

transistor, the second level being greater than the first

level;

whereby, when both the first transistor and the second

transistor are turned on. a node between (1) the switch

and (2) the first transistor and the second transistor is

grounded, thereby forcibly discharging the capacitor.

2. The apparatus of claim 1. wherein the first transistor is

a N-MOS transistor and the second transistor is a P-MOS
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transistor, wherein the first terminals of both the first tran-

sistor and the second transistor are drain terminals, wherein

the second terminals of both the first transistor and the

second transistor are source terminals, and wherein the third

terminals of both the first transistor and the second transistor 5

are gate terminals.

3. The apparatus of claim 1, further comprising a level

shifter, and wherein the second terminal of the second

transistor is connected to an input terminal of a level shifter

and the second terminal of the first transistor is connected to 10

an output terminal of the level shifter.

4. A liquid crystal display apparatus comprising:

(a) a liquid crystal device having a predetermined display

electrode;

(b) a power supply, a first terminal of the power supply
15

being grounded;

(c) an application voltage generating circuit including:

a plurality of bleeder resistors connected thereto in series

to form a series circuit, one end of the series circuit 2o

being grounded,

output voltages at nodes between which the bleeder

resistors are connected being applied to the display

electrode of the liquid crystal device; and

smoothing capacitors connected between nodes and 25

ground;

(d) a switch provided between a second terminal of the

power supply and another end of the series circuit, the

switch being made conductive and nonconductivc in

response to a first control signal;

(e) an electric charge discharging circuit including:

an N-channel type MOS transistor and a P-channel type

MOS transistor connected in parallel to form a parallel

circuit, one end of the parallel circuit being connected 35

to another end of the series circuit, another end of the

parallel circuit being grounded, a gate side terminal of

24
the N-channel MOS transistor having a second control

signal applied thereto;

a level shifter, the second control signal being applied to

the level shifter to increase a voltage thereof, an output

of the level shifter being applied to a gate side terminal

of the P-channel type MOS transistor, the P-channel

type MOS transistor being made conductive simulta-

neously with the N-channel type MOS transistor by the

output of the level shifter to which the second control

signal is applied; and

(f) signal generating means for generating (i) the first

control signal for making the switch conductive, and

(ii) the second control signal for simultaneously mak-

ing both the N-channel type MOS transistor and the

P-channel type MOS transistor conductive.

5. A driving device for determining a level of a display

signal applied to a liquid crystal display device having a pair

of transparent substrates and a liquid crystal layer provided

between the substrates, the driving device comprising:

a variable resistor connected to a voltage VE for output-

ting an adjustment signal so as to adjust the contrast of

an image displayed in the liquid crystal display device,

the variable resistor having a resistance value r,

a first amplifier for amplifying a level of the adjustment

signal from the variable resistor;

a bleeder resistance network to one end of which the

amplified adjustment signal is inputted, comprising a

plurality of resistors connected in series to one another

for dividing the voltage of the inputted signal;

a second amplifier for amplifying a plurality of mutually

different signal level potentials outputted from the

bleeder resistance network; and

a divider resistor in parallel with the bleeder resistance

network and having a resistance value r3. the divider

resistor dividing the voltage VE at a ratio of rx3.

*****
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